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tive to the water. In other cases, sorption phenomena are more com-
plex than can be captured by a simple retardation factor and must be
modeled using equations that consider sorption and desorption rates.
In special cases, biodegradation reactions can be described by
very simple expressions (for example, first-order decay) that are eas-
ily incorporated into the transport part of a saturated flow model.
However, many biodegradation phenomena are too complex to be
incorporated so simply into a saturated flow model. Special model-
ing tools are needed and are discussed in the section below on bio-
logical reaction rate models.

Multiphase Flow Models. Whereas saturated flow models describe the
flow of only one fluid, the ground water, through a porous medium,
multiphase flow models describe the situation in which two or more
fluids exist together in the porous medium. The fluids can be liquids
or gases. The most common multiphase flow models predict the
movement of water and contaminants above the water table, where a
gas phase is present. This situation is called unsaturated flow. Ad-
dition of a light nonaqueous-phase liquid contaminant such as gaso-
line, which resides at or near the top of the water table, is a further
complication that may be considered in models of unsaturated flow.
Multiphase flow models also can describe the flow of dense nonaqueous-
phase liquids such as chlorinated solvents, which move in a distinct
mass separate from the ground water.

The phenomena controlling multiphase flow are not as well un-
derstood and are much more difficult to represent mathematically
than are those for water flow in the saturated zone because they
involve complex interactions among solids, water, air, and nonaqueous
phases. The accuracy of multiphase flow models for water direction
and velocity is limited by the large number of required transport
parameters. Furthermore, the modeling community has not yet reached
a consensus as to which modeling approach is most valid. Despite
these limitations, multiphase flow modeling provides a framework
for conceptualizing the movement of fluids in the subsurface and for
making order-of-magnitude estimates of fluid movement.

If the direction and velocity of fluid flows can be predicted, mod-
eling contaminant transport with multiphase flow models is similar
to that for saturated flow. However, contaminant transport is com-
plicated by the multiple phases, which introduce heterogeneities that
affect dispersion and sorption.

Geochemical Models. At many contaminated sites, the contaminants
are subject to a significant number of different chemical reactions.